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POLLEN MORPHOLOGY, 

GLASSIFICATION AND PHYLOGENY OF PALMAE 

hy G. Thanikaimoni 1 


SommaIre : Nous avons ttudii les grains de pollen de 800 especes appartenant 
4 193 dcs 226 genres dcs Paluiiers. On y rencontre 27 types de pollen. L’emlexine 
est pratiquement absente ilans. le pollen et il y a une sole Cpaisse. La Malaisie ct la 
Nouvelle Guinie sont les centres de diversification maximum des Paluiiers. L'ue 
classification nouvelle en tenant coinpte des correlations entre les earaettres morpho- 
logiques et poltiniques a dti etablie. Nous avons retrouve 1£volution des caractcres 
polliniques et £valu£ la valeur phylog£nique de neut caractircs morpLologiques des 
Palmicrs. Puisque cltaeune dcs sous-familles montre au moms quelques caraetercs 
livoluis, aucune ne peut Ctre considiree eomnie enticement primitive. L'affinity 
patynologique des Palmiers est plus marquee avec les Liliales s.t. qu’avec les Arales. 

Summary : Tlierc arc 27 types of pollen grains in Palmar, 800 speeics belonging 
to 193 genera were studied. Endexine is practiealiy absent. A thick toot layer is 
present. Maiesia and New Guinea are the eentres of maximum diversification of 
palms. A new classification based on the correlations between morphologieal and 
pollen characters has been proposed. We have traced the evolution of pollen cha¬ 
racters and evaluated the phylogenetic value of nine morphological characters of 
palms. Since every one of the subfamilies show at least some evolved characters, 
none of them could be considered as entirely primitive. The palynological affinity 
of palms is more marked with the Liliales s.t. than with the Arales. 


INTRODUCTION 

Palms are the « Princes » of Plant Kingdom. This royal family 
has attracted the attention of several research workers. We have quite 
a lot of palm monographs. Yet our knowledge of this majestic family 
is far from complete. There are a number of classifications of palms 
but still there is a need of a better one. Whether the palms represent 
one family or an order of many families is a question raised often and 
again. The prohlem of their phylogenetic affinities is a much discussed 
one. We have therefore undertaken a thorough study of the pollen 
grains of this group and examined 800 species belonging to 193 of the 
226 genera. We present here a hrief resume of the most important 
results of our study. This constitute a part of the thesis 2 presen ted at 
the University of Montpellier (Thanikaimoni, 1970). 

1. This study has been completed in the Laboratoire ile Patvnologie, C.N.R.S., 
Montpellier (equipe dc rcchcrchc n° 25) under the direction of Dr. Si. Van Camco. 

2. These inscrite aux archives originalcs ilu Centre <te Documentation du C.N.R.S., 
la, quai Anatole-Francc, Paris (VII*) sous le uiiiii^ro A.O. 4173. 
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TERMINOLOGY 

Aperture : sulcate = pollen with an elongated distal furrow. 

Extensive-sulcate = pollen with the extremities of the sulcus exten¬ 
ding he yon d the equator. 

Meridionosulcate = pollen with an annular furrow, distal in origin 
and encircling the pollen as a meridional girdle. 

Ulcerate = pollen with a more or less circular distal aperture. 

Colpate = pollen with elongated meridional furrow. 

Porate = pollen with a more or less circular equatorial aperture. 

Exine : Eclexine consists of a thick foot layer (sole) on which we 
find the columella supporting a more or less perforated tectum. The 
exine of Catyola is intectate. In Lepidocaryum, the exine is spinulate 
with two sorts of spinules : small ones placed directly on the foot layer 
and big ones supported by columella. 

Endexine is absent in the pollen grains of Cocos 1 lucifcra, Caryola 
ureus and Nypa fruit cam which we have studied with the help of electron 
microscope. This layer is absent or hardly visible in the pollen grains 
of the other species of palms observed with Wild M 20 microscope. 


PRINCIPAL POLLEN TYPES AND THEIR 
GEOGRAPHICAL DISTRIBUTION 

Based on the nature of aperture and ornamentation we recognize 
27 pollen types. We give below their geographical distribution and the 
name of genera belonging to each type. 

1. Pollen monosolcate; exine smooth or scabrous (tectate), 

FOVEOLATE OR FINELY RETICULATE (SEMITECTATE). 

Pantropical : Cocos. 

Africa, Madagascar, Asia : Phoenix. 

Africa, Madagascar, Neotropics : Rapkia. 

Asia, Australia : Aclinokenlia, Aclinorhylis, Archonlophoenix, Balaka, 
Basselmia , Benlinckia, Burreliokenlia, Calyplrocalyx, Campecarpus, Cli- 
nosligma, Colcospadix, Corypha, Cyphokenlia, Cyphophcenix, Cypho- 
sperma, Cyrloslachys, Drymophlceus, Gigliolia, Gronophyllum gibbsianun i, 
Gulubia, Ileierospalhe, Jlotveia, Hydriaslele, Iguanura, Johannesleijs- 
mannia, Kenliopsis, Laccospadix, Leopoldinia, Licuala, Linospadix, Livis- 
tona, Loxococcus, ,Xannorrhops , A 'eoveilchia, I\' ormanbya, Omnia, Parali- 
nospadix, Pholidocarpus, Physokenlia, Pigafella, Pinanga rigida, P. 
Wrayi, Plychandra clemensiana, P. glauca, Plychococcus , Plychoraphis, 
Plychosperma, Rehderophcenix, Bhapidophyllum, R ha pis, Rhopaloslylis , 
Salakeutia, Solfta, Strongylocaryum, Trachycarpus, Veilchia. 

Africa : Ancistrophyllum, Jubaeopsis, Oncocalamus, Podococcus. 

Madagascar region : Acanlhophcenix, Anlongitia, Beccariophoznix, 
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Chrysalidocarptts, Diclyosperma aureum, Dypsis lielrcophytla, Ilyopborbe, 
Lodoicea, Marojejya, Mascarena, .Xeodypsis, Ncophloga, Nephrospcrma, 
Pbloga sehefferiana, Boscberia , Sittdroa, Verscbaffellia, Vottilra. 

Neotropics : Acoelorrbapbe, Acrocomia, Adrocaryum, Aslerogytie, 
Badris, Barbosa, Brahea, Buliu, Calyplrogyiie, Calyplrouoma, Chaiuir- 
dorea, Chelyocarpus, Coccolhrinax, Colpolhrinax, Copertticia, Cryosophila, 
Erylhea , Euterpe, Gaslrocoeos, Gattssia, Geonoma, Iletnilhrinax, Iltjos- 
palhe, Juartia, Jubaea, Lylocaryum, Microcceluiu, Morcnia, (Euocarpus, 
Opsiaitdra, Parajubaea, Pholidosladiys, Phylelephas, Potyandrococos, 
Presloea, Reinhardlia, Bhylicocos, Sabal, Sereuoa, Syagrus, Synechanlltus , 
Tecnianlltera, Thrinax , Trilhrinax, Washington in, Wend laud iella, Zombia. 

2. Pollen monosulcate, ex ink fovkolate, fossvlate or rugulate 

(semitectate). 

Malesia : Chambeyronia, Veitrhia. 

Mascarenes : Lalania. 

Africa, Madagascar : Elaeis s.s., Medeiuia, 

Neo tropics : Aiplianes, Allagoplera, Arecaslrum Arikuryraba, Aslro- 
caryum, Allalea, Baclris, Chamvedorea, Coccolhrinax, Corozo, Desiuoucus, 
Geonoma spixiana, Jessenia, Manicaria, Markleya, Maxi milt ana, Melaso- 
ccalea, Ocbignya, Parascheelea, Rliopalablasle, Boyslotiea, Scheeiea, Sya¬ 
grus coronala, Taeuiattlbera acaulis, Thrinax radiala. 

3. Pollen monosulcate, exine coarsely reticulate (skmitectate). 

Asia: Adeloncnga, Areca, Eugeissona bracbyslnchys, Gronopbytlum 
microcarpum, Gulubia macrospadix, Licnala pdlata, L. spinosa, .Xeuga, 
Pinauga. 

Neotropics : Acrocomia, Ceroxylou, Neotiicholsouia, Pseudophoenix. 

4m. Pollen monosulcate, ex ink baculate (intectate). 

Asia, Australia : Caryola (operculate in C. milis, C. wrens). 
Madagascar : Dypsis, Phloga nodi flora. 

4b. Pollen monosulcate, exine clavate and baculate (intectate). 

Malesia : Pinanga coronala (clavac supported by columella, free 
bacules in between columella). 

5 a . Pollen monosulcate, exine clavate (intectate). 

Mauritius : Deckenia. 

Neotropics : Iriarlea. 

5 b . Pollen monosulcate, exine clavate (tectate). 

Malesia, Ceylon ; Oncosperma. 

6. Pollen monosulcate, exine gem mu late (intectate?). 

Indomalesia : Pinauga hookeriana. 
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.Neotropics : Caloblastus, Calosligrna, Socralea, Wellinia, WeUinii - 
carpus. 

\sia, Australia : Arenga, Cavgola oblusa var. (equator ialis, Wallichia. 

8b. Pollen mo nos legate, exine spinulate (intectate?) spinulks 
of 2 types : me. ones supported by columella and small ones 
NOT SUPPORTED BY COLUMELLA. 

.Neotropics : Lepidocaryum, Mauritia, Maurilietta. 

8c. Pollen monosulc\te, exine spinulate (semitectate), 

ri. E. Asia : Piiionjja Griffilhii. 

Seychelles : Pluenicophorinm. 

Mauritius : Diclyosperma album. 

9. Pollen monosulcate-pontopkrculate, exine reticulate (semi- 

tect\te). 

Neolropics : Iriaiiella. 

.Mediterranean region : Chamaevaps. 

10. Pollen ulcerate, exine spinulate (tectate). 

Madagascar : Lonvetia madagascarieusis, Ravenea. 

11. Pollen ulcerate, exine reticulate (semitectate). 

Madagascar : Lonvetia albicans. 

Malesia : Areca cat iso, liorassadeudran. 

Neotropics : Ainmandra. 

12. Pollen triulcerate, exine reticulate (semitectate). 

West Africa : Sclerosperma. 

13. Pollen extensive-sulcate, exink foveolate or finely reti¬ 
culate (semitectate). 

West Africa : Ereinospallia. 

£. E. Asia : Pleclocomia Griffilhii. 

14. Pollen extensive-sulcate, exine coarsely reticulate {semi¬ 
tectate). 

Malesia : Eugeissona. 

15. Pollen extensive-sulcate, fxine clavate (tectatE). 

Malesia, Ceylon : Oncosperma. 

lfi. Pollen extensive-sulcate, exine clavate (intectate); clavae 

CROWNED WITH ONE TO FOUR SP1NULES. 

Malesia : Korlhalsia scaphigera. 
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and proximal views; 20. 21, Metroxylon salomononse X 1 000; dislal and proximal 
views; 22, 23, Dnumonorhops H«ss x 1 000; surface vie" and optical section; 24, 
Calamus eracilis X 1 000; 25, 26, Daemon or Hops verticillaris X 1 000; 27, 28, 
XortbalRia rigid* X 1 000; 27, mterporium; 28, pore. 
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17. Pollen meridionosulcate, exine finely reticulate (semi- 
tectate). 

S. E. Asia : Pleclocomia Griffilhii. 

18a. Pollen meridionosulcate, exine clavate (intectate), clayae 
crowned with one to four spinules. 

Malesia : Korlhalsia laciniosa (King’s collector, 1884, CAL); A'. 
scaphigera. 

186. Pollen meridionosulcate, exine clavate (tectate). 

Malesia : Salacca edulis. 

19. Pollen meridionosulcate, exine spinulate (sfmitectate). 

Asia, Australia : Ay pa, Salacca. 

20. Pollen dicolpate, exine smooth or scabrous (tectate) or 
foveolate or finely reticulate (Semitectate). 

Africa, Asia : Calamus. 

Asia : Bejaudia, Ceralolobus, Daemonarhops, Mclroxylon amicarum, 
M. sagu , Myrialepis, Pleclocomia, Pleclocomiopsis , Salacca sectinda. 

21. Pollen dicolpate, exine fossulate and rugulate (se.mitectate), 

Asia : Calamus. 

22. Pollen dicolpate, exine coarsely reticulate (semite ct ate). 

Andaman Is., Salomon Is. : Calamus longisdtts, Melroxylon salo~ 

monetise. 

23. Pollen dicolpate, exine baculate (intectate). 

Andaman Is., Malesia : Daemonorhops. 

24 a. Pollen dicolpate, exine clavate (intectate); clavae crowned 

WITH ONE TO FOUR SPINULES. 

Malesia : Korlhalsia lenuissima. 

24 b . Pollen dicolpate, exine spinulate (semitkctate). 

Malesia : Ceralolobus glaucescens. 

20. Pollen dicolpate, exine verrucate (semitectate). 

Asia, Australia : Calamus, Cornera, Schizospalha. 

26. Pollen diporate, exine smooth or scabrous (tectate). 

Malesia : Eleiodoxa, D.vmonorkops oerlicillaris. 

27 a. Pollen diporate, exine clavate (intectate); clavae crowned 
with one to four spinules. 

Malesia : Korlhalsia rigida (rarely diporate-u Ice rate). 
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27b. I'OLLEN D1PORATK, EX1NE sPINULATE OR RARELY < LAV ATE (]NTEC- 
tate); c LAVA IS CROWNED with one to folr s pinoles. 

Malesia : Korlhahia laciniosa (Elmer, n° 16672). 

It seems that Malesia and New Guinea are the centres of maximum 
diversification of palms. The neotropical region may be considered 
as another but less rich centre. The west african region is poor in genera 
and pollen types of palms. However, the triulcerate type is particular 
to this region. The Madagascar region, even though there is no Cory- 
phoideae and very few Lepidocaryoideae, is rich in pollen types thanks to 
the Arecoideae which is well represented in this zone. 

When we consider the distribution of the various pollen types in 
each of the nine subfamilies we note that the Lepidocaryoideae is the 
most diversified of all. We came across 17 pollen types in the 22 genera 
studied. Materials of the other three genera of this subfamily were not 
available for study. On the other hand, the Arecoidese whi^h contains 
as many as 124 genera, of which we have studied 105, lias only 13 pollen 
types. Either the paly no logical diversification of this subfamily is 
very limited or many of the Arecoid genera do not merit the rank of 
a distinct genus. The situation is the same in Cocoideae with only 
4 pollen types for 27 genera (total number of genera 28) and Coryphoideae 
with only 4 pollen types for 26 genera (total number of genera 34). 


CLASSIFICATION OF PALMAE 

We propose a provisional classification of palms taking into account 
the correlations he tween pollen characters and classical morphological 
characters. 

I. — Fruit covered with scales; leaf pinnate (palmatifid or pal- 
matinerved in Mauritieae); vernation reduplicate; midrib 
with vascular bundles enclosed within a sclerotic cylin¬ 
der; silica bodies ofstegmata spherical; flower unisexual 
(bisexual in Korthalsiese, Ancistrophyllese, Eugeis- 
soneae); fruit simple; endocarp not perforated (except 
in Eugeissonea:); seedling admotive. Pollen monosulcate 
in arborescent genera (except in Metroxylon), mono¬ 
sulcate or extensive-sulcate in genera with bisexual 
flower (except in Korthalsia)', dir ol pate, diporatc, 
extensive-sulcate or meridionosulcate. Lepidocaryoideae. 

11. — Fruit not covered with scales, leaf palmate, pinnate or 
bipinnate (simple in Jokannesteijsmannia); vernation 
induplicate. Pollen never dicolpate or diporate : 

1. Leaf palmate; midrib prominent with several 
independent vascular bundles; silica bodies of 
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stegmata spherical, simple fruit; seedling 
remotive : 

a) Flower unisexual, endocarp perforated : 

— seed with a single or no furrow. Pollen mono- 

sulcate; exinc foveolate, fossulate, areolate 
or verrucate. Bocassoideae. 

— seed with many furrows. Polle.n ulcerate; 

exine eoarsely reticulate. Borassodendron. 

b) Flower bisexual or polygamous; endocarp not 

perforated. 

— Pollen monosulcate; exine smooth, scabrous, 

reticulate or foveolate. Coryphoideae. 

— Pollen monosulcate-pontoperculate, exine 

reticulate. Chamaexops. 

2. Leaf pinnate with basal segments short and spi- 

nesc-ents; midrib not prominent, little vascula- 
ted; silica bodies of stegmata spherical; endocarp 
11 ot perforated; seedling remotive. Pollen mono¬ 
sulcate, exine reticulate .. Phoenicoideae. 

3. Leaf pinnate or bipinnate, main ribs prominent, 

vascular bundles enclosed within a sclerotic 
cylinder; silica bodies of stegmata hat-shaped. 

Flower unisexual. Simple fruit; endocarp not 
perforated; seedling remotive. Pollen mono¬ 
sulcate: exine baculate or spinulate. Caiyoloideae. 

Ill. —• Fruit not covered witb scales. Leaf pinnate; vernation 
reduplicate; midrib prominent, vascular bundles enclo¬ 
sed within a sclerotic cylinder. Flower unisexual except 
in Pseudophoenix witb bisexual or polygamous flowers. 

Pollen never dicolpate or diporate : 

1. Simple fruit; silica bodies of stegmata spherical or 
hat shaped; seedling remotive or admotive ; 

a) Endocarp perforated. Pollen monosulcate or 

bre\ isulcate; exinc smooth, scabrous, foveo¬ 
late, fossulate, reticulate or verrucate; never 
baculate, gemmulate, clavate or spinulate. Cocoideae. 

b ) Endocarp not perforated : 

— Pollen monosulcate, extensive-suleate, ulce¬ 
rate or brevisulcate; exine smooth, sca¬ 
brous, finely or coarsely reticulate, fos¬ 
sulate, verrucate, gemmulate, clavate, 

baculate or spinulate. 

. Arecoidcae (including Manicaria). 


Pollen triulcerate, exine reticulate.... Scleiosperma. 
— Pollen monosulcate-pontoperculate, exine 

reticulate. Iiiaitella. 

2. Multiple fruit : 


a) Ovary composed of 3 carpels, unilocular 1-3 
ovuled, only one is fertile; silica bodies of 
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stcgmata hat-shaped; endocarp perforated; 
seedling viviparous. Pollen meridionosulcate, 

cxine echinulate. IS'ypoideae. 

b) Ovary composed of 4-9 carpels, with equal 
number of 1-ovuled lobes all fertiles; silica 
bodies of stegmata spherical, endocarp not 
perforated; seedling rcmotive. Pollen mono- 
sulcate (Phytelephas) or ulcerate (^(mmandra); 
cxine reticulate.. Phytelephantoideae. 


VALUE OF POLLEN CHARACTERS WITHIN THE SUBFAMILIES 

ARECOIDEAE. 

At the present state of our study we could not find any cogent 
correlation between the pollen characters and any other exomorphic 
characters of this subfamily. 

BOR ASSO IDEA E. 

We give below a classification of this subfamily emphasizing the 
correlation of classical characters and pollen characters. 


I. — Seed with a single or no furrow. Pollen monosulcate : 

a) Stamens 6 in number; pollen verrucate : 

— Homogenous endosperm. Pollen with distinct 

* Seed without furrow. Pollen size: L — 32-55 g 

.;. Hyphcenc. 

* Seed with furrow. Pollen size : L — 42-80 p Borassus. 

— Ruminate endosperm. Pollen with flat warts 

wdlich are frequently fused into irregular 
areoles. Pollen size : L — 30-45 g. Medemia. 

b) Stamens numerous. Pollen with perforated tectum : 

■— Fruit very big. Male flow-ers numerous in the 
alveoles of the spadix. Pollen size : L = 75- 
90 |jl; exine thickness 3 p; perforations in the 
tectum 1 g or less in diameter. Lodoicea. 

— Fruit small. Male flowers solitary in the alveoles 
of spadix. Pollen size : L — 52-72 g; cxine 
thickness 2.8-3.5 g; perforations in the tectum 
irregularly distributed or fused into fossules Latatiia. 

II. -— Seed with many furrows. Pollen ulcerate, coarsely reti¬ 
culate, pollen size : L = 90-100 g. Borassodcndron. 
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CAR Y OTOIDEAE. 

* Leaf pinnate; endosperm homogenous; pollen monosulcate, 
spinulate. 

— Pollen with spinules measuring 1.2-2.0 (jt in diameter at 

the base and 2-3 p in height. Arenga. 

— Pollen with spinules measuring 1-1.5 p in diameter at the 

base and 1.5-2 p in height. Arenga porphyrocarpa. 

— Pollen with spinules measuring 2-2.5 p in diameter at the 

base and 4-5 p in height .. Arenga pinnata. 

— Pollen with spinules measuring 1 p in diameter at the base 

and 1.5 p in height. WaUichia. 

* Leaf bipinnate; endosperm ruminate; pollen monosulcate, 

sometimes opcrculate; exine baculate. Caryota. 

COCOXDEAE. 

Cocos #. 1.: All the variations of pollen morphological characters 
found among the species of Cocos s. 1 . (Syagms , Arecos/ruin, Rhylicocos, 
Barbosa, Arikuryroba , itffcrocoe/iim, Lylocaryum, Polyandrococos, Jubaca, 
Parajubaea, Jubaeopsis, Bnlia, Allagoplera) overlap one another and 
sometimes they are seen in one and the same species (ex. Cocos nucifera ). 
We therefore consider Cocos as a multispecific genus of wide distribution 
with its centre of gravity situated in tropical America. 

Elaeis s. 1 . : Pollen morphological characters do not allow a separation 
of the three species of El rein into three monotypic genera. 

Allalea s. 1. : When we examine the pollen grains of Allalea s. 1. 
(Alaximiliana, Markleya , Orbignya, Scheelea, Parascheetea) we note that 
there is a tendency towards the augmentation of the exine thickness 
and the reduction of aperture which finds its maximum expression in 
Parascheclea. Thus our study gives support to the contention that all 
these genera belong to but one large genus Allalea (Punt and Wessels 
Boer, 1966). 

Baclris s. 1 . : The pollen grains of Guiliehna, Pyrcnoglyphis, and 
Yuyuba are not different from those of Badris. Hence their inclusion 
in the latter is palynologically justified. 

Acrocomia and Gaslrococos: The only difference noticed between 
the pollen grains of these two genera lies in their size : Acrocomia: L = 
62-70 p; Gaslrococos: L = 47-50 p. 

We have examined the pollen grains of only three species of Acro¬ 
comia. It is necessary to study the pollen grains of the remaining 22 
genera of this genus to know whether small sized pollen grains are limited 
only to Gaslrococos. 

Asfrocarj/iim: The two sub-genera of this genus are pollen morpho¬ 
logically very distinct : 

Monogynanlhus: aperture elongated, elliptical. 

Pleiogynanlhus: aperture wide, circular or triangular. 
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CORYPHOIDEAE. 

On the whole the genera of this subfamily are very much similar 
in their pollen characters. There is no absolute correlation between 
pollen characters and other characters of this subfamily. We find all 
the three types of exine, simplihaculate, duplibaculate and pluribaoulale, 
in one and the same pollen (ex. Coccolhrinax , Licunla , Sabal , Tbrinax , 
Washingtonia). It is equally difficult to separate the genera after the 
pollen size. The only genera which one could identify somewhat easily 
are Cryosophila with mostly trichotomosulcate pollen and Chamaerops 
with monosulcate-pontoperculate pollen. 

LEPIDOCAIt YOIDEAE. 

In the following classification we have tried to hring out the corre¬ 
lation of pollen characters with other characters. 

1. — Leaf palmatifid or palmately nerved; arborescent palms; 

endocarp thin and membranous. Pollen monosulcate, 
sometimes brevisulcate or ulcerate. Mauritieae. 

II. — Leaf pinnate, very rarely digitate or penninerved : 

1. Arborescent palms : 

a) Bisexual palms; endocarp woody, porate at the 

Pollen monosulcate or extensive-suleate.. .. 

. Eugeissoneae (only one genus, Eugeissona). 

b) Monoecious palms; endocarp thin, membranous: 

— seed ruminated. Pollen monosulcate, 

rarely ulcerate . 

. Raphieae (only one genus, Raphia). 

— seed not ruminated. Pollen dicolpate... 

.... Metroxyleae (only one genus, Metroxvlon). 

c) Dioecious palms; endocarp thin and membra¬ 

nous. Pollen monosulcate.. ... Salacceae : Pigafelta. 

2. C&spitosc or stemless palms : 

a) Bisexual palms; endocarp woody, porate at the 

Pollen monosulcate or extensive-suleate.... 

. Eugeissoneae (only one genus, Eugeissona). 

b) Dioecious palms. Endocarp thin and mem¬ 

branous. 

— seed not discoid. Pollen meridionosulcate 

(except in Saiacca secunda with dicolpate 
pollen). Salacceae : Saiacca. 

— seed discoid. Pollen diporate. Salacceae: Eleiodoxa. 

3. Climbing palms or with lianous stem : 

a) Bisexual palms : 

* Rachis prolonged into a whip armed with 

* According to Wessels Boer (1965) Maurilia, Mauniietta and Leyidocaryum 
belong to one very natural and easily distinguishable genus. This opinion is corro¬ 
borated also by our study : all the three are almost alike in pollen characters. 
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leaflets modified into hooks. Pollen mono- 

snlcate or extensive-sulcate. Ancistrophylleae. 

Spathe present. Pollen monosulcate. 

Flowers in glomerules. Pollen with smooth 
to scabrous exine, size : L = 23-29 g; 

exine thickness 1 p. Oncocalamus. 

Flowers in pairs. Pollen with perforate tec¬ 
tum; perforations 1-2 p. Pollen size : 

L = 42-68 p exine thickness 3 p AncistrophyUum. 
Spathe absent. Pollen extensive-sulcate. 

Flowers in pairs. Pollen with foveolate 

exine; size : L = 42-55 p. JEremospaiAa. 

* Adult leaf cirrhiferous, cirrhus armed with 
claws. Pollen meridionosulcate, extensive- 
sulcate or diporate; very rarely diporate- 
ulcerate. . Korlhalsieae (only one genus, Korthalsia) 
b) Dioecious palms. Pollen dicolpate; sometimes 
extensive-sulcate or meridionosulcate in Plec- 
tocomia; rarely diporate in Daemonorhops . . Culamaee. 


Notk : We encounter a variety of pollen types within the genus 
Calamus s. s. The pollen characters of Corn era, Schizospalha, Myria- 
lepis, Pleclocomiopsis and Ceralolobus (with the exception of C. glancescens 
having spinulate pollen) fall within the limit of pollen morphological 
variation of Calamus s. s. These genera are found to be similar also in 
anatomical characters (Tomlinson, 1961). The genus Daemonorhops 
is morphologically and anatomically very distinct from Calamus. The 
species he longing to the section Cymbospalha of Dwmonorhops have a 
very particular type of exine : intectate-baculale. The pollen grains 
of the other section, Piplospalha , of this genus (with the exception of 
D. verlicillaris having diporate pollen grains) are similar to those of 
Calamus. 


NYP01DEAE. 

Xypa, the only genus of this subfamily, is pollen morphologically 
homogeneous. 

VHOENICOIDEAE. 

Phoenix, the only genus of this subfamily, is pollen morphologically 
homogeneous. 

PH YTELEPHANTOIDEAK. 

We recognize two genera within this subfamily : Phytelephas with 
monosulcate pollen and Ammandra with ulcerate pollen. 
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EVOLUTION OF POLLEN CHARACTERS 

Evolution of apeiiture ; 

Before the appearance of Angiosperras, no pollen grains or spores 
were provided with exclusively equatorial functional aperture. How 
the equatorial aperture, an angiosperm feature is obtained? Is it accom¬ 
plished by one, or more than one way? It seems that the Paimx furnish 
us with good examples. In this family we encounter two evolutionary 
tendencies, one leading to dicolpate condition and the other resulting 
in meridionosulcate condition. Both of them are evolved from mono- 
sulcate condition through extensive-sulcate condition. In the first 
case, found in the subfamily Lepidocaryoidese, the distal part of the 
extensive-sulcus is constricted and eliminated in order to give rise to 
two meridional colpus. In the second case, found in the subfamilies 
Lepidocaryoidex and N ypoidex, the two extremities of the extensive- 
sulcus fuse at the proximal pole to form a meridionosulcus that encircles 
the pollen like a meridional girdle. (The meridio no sulcus should not 
be confused with the zonosulcus found in Nymphxacex. In the latter 
the aperture is more or less equatorial and not meridional in position.) 

We have also observed two tendencies of reduction of aperture size : 
monosulcate to ulcerate (ex. Mauritia) and dicolpate to diporate (ex. 
D x mo nor hops). 

The triulcerate pollen type of Sclerosperma seems to have resulted 
by the elimination of the central portion of trichotomosulcus. 

The aperture of pollen grains of palms are generally covered with 
a smooth membrane, The operculate ( Caryoia ), pontoperculate (Cha¬ 
in xrops, Iriarieiia) and verrucate (Meiasocraiea) conditions appear to 
be secondary acquisitions of aperture membrane. 

Evolution of exink : 

It seems that there are two distinct tendencies of evolution of exine 
quite independent of aperture evolution. The pollen with tectate, 
smooth or scabrous exine possibly represents the basic type. The foveo- 
late and reticulate types appear to be produced by the perforation of the 
tectum; a fusion of the perforations may lead to fossulate and areolate 
types. 

The second tendency of exine evolution seem to be towards the deve¬ 
lopment of various sculptural elements : the baculate type by a gradual 
dilation of the tip of the bacules could give rise to clavate type and a 
shortening of the pedunculate part of the clava could give rise to gemmu- 
latc type. In Korlhatsia we have noticed a transition between clavate 
to spinulate type and in Nypa there is a transition from verrucate type 
to spinulate type. 

The genera Caryoia and Weiiinia may be considered to exemplify 
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a third tendency of exine evolution. In these genera there is no tectum. 
In Lepidocaryum, Maurilia and Mauriliella also a tectum is lacking, 
although the big spinules are supported by distinct columella. 

Discussion : 

Kuprianova (1948, 1954) and Sowunmi (1967, 1968) have also 
considered the monosulcate type as primitive. But the former is of the 
opinion that the trichotomosulcus is more primitive than the atomo- 
sulcus while the latter derives the trichotomosulcus type from the atomo- 
sulcate type. In our opinion the trichotomosulcus, like the tetrachoto- 
mosulcus, is no more than a variation of the atomosulcus and it is not an 
index of evolution. 

According to Sowunmi the diporate condition is the result of sup¬ 
pression of the central part of the sulcus. In Daemonorhops verlicillaris 
we have noticed no trace of sulcus at the distal part and the so-called 
disappearing colpus is but a fold in the proximal part of the pollen. 

We have never observed a pollen with one distal furrow and one 
proximal furrow (type 7 in Sowunmi, 1968) in Palmx. Also, the ten¬ 
dency meridionosulcate to dicolpate does not exist in this family. The 
narrow gap between the distal extremities of the colpus and the large 
gap between the proximal extremities of the colpus suggest the deri¬ 
vation of dicolpate condition from extensive-sulcate type. Furthermore, 
in Melroxylon we have observed traces of disappearance of extensive- 
sulcus at the distal part of the pollen. We therefore consider that the 
dicolpate condition is derived from extensive-sulcate type and not by 
the mutilation of a meridionosulcus. 


PHYLOGENETIC VALUE OF PRINCIPAL 
MORPHOLOGICAL CHARACTERS 

Based on the results of our pollen study we have attempted to esti¬ 
mate the phylogenetic value of nine principal morphological characters 
of palms. We give below an outline of the evolutionary tendencies of 
these characters as perceived when we correlate them with pollen cha¬ 
racters. 

Pericarp : not scaly scaly. 

The scaly pericarp is considered as derived because the dicolpate 
and diporate pollen grains are found only in palms with scaly pericarp 
(Lepidocaryoideae ). 

Fruit : simple ->■ multiple. 

The multiple fruit, formed out of several flowers having a common 
axis, is found in Nypa with meridionosulcate pollen. Hence we consider 
multiple fruit as an evolved character. 
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Endocarp : woody, perforated -> membranous, not perforated. 

In Cocoideae with primitive inonosulcate pollen the endocarp is 
woody and perforated. In Lepidocaryoideae with derived pollen types 
the endocarp is membranous and not perforated. 

The genus Eugeissona has Lepidocaryoid pericarp and Cocoid endo¬ 
carp. lienee Beccari (1918) has considered this genus as constituting 
a group intermediate to Lepidocaryoideae and Cocoideae. The presence 
of monosulcate and extensive-sulcate pollen types in Eugeissona seems 
to suggest that pollen morphologically also this genus occupies an inter¬ 
mediary position between these two subfamilies. 


Vernation : induplicate -> reduplicate. 

1L is the reduplicate type of vernation that is observed in the evolved 
subfamilies as Lepidocaryoideae and Nypoideae. Hence we consider 
this character as evolved. 


Leaf : palmate -* pinnate -*■ bipinnate. 

According to Arber (1922) the palmate leaf type is more primitive 
because it predominates among the fossil palms, whereas the pinnate 
leaf is the most common among the palms of the present day. Eames 
(1953), on the other hand, is of the opinion that the palmate leaf is a 
telescoped form of pinnate leaf. 

In the advanced families of Nypoideae and in the majority of Lepi¬ 
docaryoideae we come across only pinnate leaf. Among the palm¬ 
leaved Lepidocaryoideae (Maurilieae) the palmate character is correlated 
with monosulcate pollen type. Hence we consider the palmate leaf 
type as primitive. 

In Phoenix the basal leaflets are modified into spines. In Ancis- 
Irophyllum and Desmoncus the terminal leaflets are transformed into 
hooks. In Caryota the leaves are bipinnate. The leaves of these genera 
may be treated as representing derived types. 

According to Corner (1966) the bipinnate leaf of Caryoia represents 
the ancestral form. This opinion is not acceptable because the hipin- 
nate character is correlated with two other evolved characters : unisexual 
flower and intectate baculate pollen. The latter character is further 
correlated with scaly fruit in Dsemonorkops and reduced number of 
stamens in Dypsis. 


Flower : bisexual -*■ unisexual. 

There are very few genera of palms with bisexual flowers. In all 
of them (except Korlhalsia) we have monosulcate pollen. Hence 
we consider bisexuality as a primitive character. The genus Korlhalsia 
needs further study. Whether its flowers like those of Melroxylon, 
another genus belonging to Lepidocaryoideae, are pseudohermaphrodite 
(physiologically unisexual) lias to be verified. 


Source: MNHN, Paris 


Ovary : apocarpous syncarpous (multicellular -*■ unicellular). 

Apocarpous ovary is found only in some Coryphoideae and it is corre¬ 
lated with primitive mo no silicate pollen type. 

Seedling : remotive admotive -* viviparous. 

The seedling of Coryphoideac are remotive whereas those of Lepida- 
caryoidcae are ad motive. The latter type is therefore considered as 
evolved. The viviparous seedling of .\ypa seems to be an adaptive 
modification of admotive type. 

Stem : arborescent -*■ acaulescent -> rhizomalic. 

\ climbing. 

According to Holttum (1955) solitary trunk may be derived from 
rhizomatic type with sympodial branching as a resulL of a suppression 
of the basal buds. But in the genera Melraxylon and A ypa with rhizo¬ 
matic stem, w'e have advanced type of pollen grains. On the contrary, 
the arborescent genera of Lepidocaryoideae have primitive monosulcate 
pollen. We therefore conclude that arborescent habit is a primitive 
feature among palms. It is interesting to note that among the Scila- 
mineae the tree habit is found to be primitive (Tomlinson, 1964). 

All the climbing lepidocaryoid genera with axillary buds modified 
into cirrhiferous flagellum have evolved pollen types. Hence this habit 
seems to be an advanced character. The palms which climb by modi¬ 
fied terminal leaflets appear to be less evolved because they (ex. Aiicis~ 
Irophyllum, Desmoncus) have primitive monosulcate pollen. 

When we study a great number of palms, we are caught more by 
their resemblances than by their differences. It appears that they 
constitute a very natural family showing a number of overlapping ten¬ 
dencies. None of the nine subfamilies of Palmae can be considered as 
entirely primitive because every one of them has at least some evolved 
characters. 


PALYNOLOGICAE AFFINITIES OF PALMAE 

Corner (1966) holds the view that Monocotyledons are palm deri¬ 
vatives. There is no palynological evidence to support this view. On 
the other hand, we find in this family a number of pollen types and 
almost all of them are found in Liliaceae. 

According to Rendle (1959) Palmae and Araceae are very closely 
related. But, we note that the inaperturate and periporate pollen types, 
as well as the pollen in tetrads, found in Araceae (Thanikaimom, 1969) 
are absent in Palmae. While the Aroid pollen grains are, in majority 
of the cases, not resistent to acetolysis, the pollen grains of Palms with¬ 
stand this treatment. Further, the striate exine type seen in some 
Aroids are unknown in Palmae. Thus the palynological affinities of 
Palmae are more with Liliaceae than with Araceae. 

fn Corner’s opinion, Cydanlhaceac could have evolved from the 
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ancestry of Phytelephas because both Cyclanlhaceae and Phytelephas 
are limited to tropical America. We note that Palmae and Cyclanlhaceae 
have in common the following evolutionary tendency : monosulcate -> 
ulcerate. But the dicolpate and meridionosulcale pollen types found in 
Palmse are unknown in Cyclanlhaceae. The derivation of diporate pollen 
type by the elimination of the central position of the sulcus, observed 
in Cyclanlhaceae (Harling, 1958) is yet to be demonstrated in Palmae. 

Pollen grains comparable to those of Maurilia are observed in Pan- 
danaceae. But in this family we do not have the meridionosulcale pollen 
type of Nypa, a genus to which it is said to have close affinity (Corner, 
1966). 

The Agavales, according to Hutchinson (1959), represent a link 
between Palmales and Liliales. The occurrence of dicolpate pollen 
grains in these groups may be considered as a sign of affinity. 

Good (1956) considers the palms are distinct biological group. He 
has provided a stellar model of Monocotyledons in which the palms occupy 
a peripheral position. But pollen morphologically the palms fall within 
the sphere of affinities of his « hard core » of Monocotyledons. 

Our study has enabled us to confirm that « l’avantage des grains de 
pollen pour traiter un sujet aussi vaste et important que la classification 
est de pouvoir embrasser d’un seul coup d’ceil des centaines d’individus 
et d’un seul coup d’oeil des dizaines de caracteres et d’avoir de fa^on 
presque immediate une idee des variations maximales d’un ensemble » 
(Van Campo, 1967). We have used pollen characters as a tool to test 
affinities between genera and families and emphasized them in our 
tentative classification of palms. 


References 

Akbek, A. - - On tlie development and morphology of the leaves of Palms. Proc. Roy. 
Soc., 93 : 249-261 (1922). 

Beccari, O. — Asiatic Palms. Part 111. Ann. R. Bot. Gard. Calc. 12 (2):: 1-231 (1918). 

Corneii, E. J. H. —The Natural History of Palms. Wiedenfeld and Nicolson. Lon¬ 
don (1966). 

Eames, A. J. —• Neglected morphology of the palm leaf. Phvtomorphology 3 : 172- 
189 (1953). 

Good, R. — Features of evolution in the flowering plants. Longmans, London (1956). 

Harling, G. — Monograph of the Cyclanlhaceae. Acta Hortl Bergiani 18 : 1-428 (1958). 

Holttcm, R. E. — Growth habits of Monocotyledons. Variations on a theme. Phyto¬ 
morphology 5 : 399 413 (1955). 

Hutchinson, J. - Families of Flowering Plants. Vol. II. Clarendon Press, Oxford 
(1959). 

Kuprianova, L. A. Pollen morphology and phylogeny of Monocotyledons. Comm. 
Komarow Inst. Acad. Scl. 1 (7) : 162-262 (in Russian) (1948). 

Kumuanova, L. A. — Sur la phylog&iie des Monocotyltdoncs. I. Acad. Sci. URSS. 
scr. Bot. 120-127 (1954). 

Punt, W. and Wessels Boer, J. G. — A palynological study in Cocold palms. Acta 
Botanica Nccrlandica, 15 : 255-265 (1966). 

Re.ndlk, A. B. — The classification of flowering plants. Vol. I. Cambridge (1959). 

Sowunmi, M. A. — On the pollen morphology of Palmae and its bearing on Taxo¬ 
nomy. Ph. D. thesis, l! niv. Ibadan (1967). 

Sowunmi, .31. A. — Pollen morphology in the Palmae, with special reference to trends 
In aperture development. Rev. Palaeobotan. Palynol. 7 : 45-53 (1968). 


Source: MNHN, Paris 


— 365 — 


Than ikaiwon i, G. — Contribution & I’ttudc palynoiogique des Paluiiers. Trav. Si>ct. 

Sci. Tech. Inst. Fr. Pondichery 5 (2) : 1-92 (1966). 

Thanikaimoni. G. — Esquisse palynoiogique des Aractes. Tr. Sect. Sci. Tech. Inst. Fr. 
PondicMry 5 (5) : 1-32 (1969). 

Thanikaimoni, G. — Les Palmiers, Paly nologic ct Systimatique. These presentee A 
I'Universiti de Montpellier pour obtenir le grade de Doetcur fes Sciences (1970). 
Tomlinson, P. B. — Anatomy of the Monocotyledons II. Palms;. Oxford University 
Press, London (1961). 

Tomlinson, P. B. — Stem structure in arborescent monocotyledons in. Formation 
of wood in forest trees. Ed. M. H. Zimmeamann, Academic Press Inc. New 
York, pp. 65-66 (1964). 

Van Camfo, M. — Pollen et classification. Rev. Palaeobotan. Palynol. 3 : 65-71 (1967). 
Wessels Boer, J. G. ■— The indigeneous palms of Suriname. 172 pp. E. J. Bill. 
Leiden (1965). 


Institut Franfais, Pondichery, 


Source: MNHN, Paris 


